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““NETTLE” BRAND FIREBRICK (42/44% Alumina) 
is highly refractory and displays good resistance 
{o abrasion and corrosion. These properties 
enable it to withstand the severe conditions in 
the Calcining Zone. “STEIN GLASGOW” 
Brand is a hard, dense firebrick and its good 
resistance to abrasion recommends it for the 


shaft of the kiln. 


We strongly advise the us2 of standard sizes 
(ie., Squares and Cupola shapes 9” x4}” x3”, 
9” x 6” x 3”, 13)” x 6” x 3”, etc.) rather than Special 
Blocks. The former can b2 machine pressed, 
with the following advantages : 


@ Denser texture — therefore better 
resistance to corrosion. 
Superior shape and size, allowing 
tighter joints. 
Lower Cost. 
Quicker Delivery. 


JOHN.G STEIN. C°L™ sonnyerince scortano 
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Fuel Consumption of Rotary Cement Kilns. 
BY STEVEN GOTTLIEB. 


I sHOULD like to make some remarks on the article, ‘“‘ Fuel Consumption of 
Rotary Cement Kilns,”’ in Cement and Lime Manufacture for September, 1941. 
The following points call for further consideration : (1) For the fuel consumption 
of shaft kilns the limits of 18 per cent. and 24 per cent. are taken, and additional 
costs for the pressing of briquettes are considered ; (2) for shaft-kiln clinker it 
was stated that the clinker produced was not always well burnt, and that selection 
was necessary when cement of good quality was required ; (3) it was stated that 
the shaft-kiln did not lend itself to construction in large units so well as the 
rotary-kiln, and that this had not been tried out. 

The economy of shaft kilns depends to a large extent on the chemical com- 
position and quality of the raw materials. In many cases, where the raw materials 
are ‘“‘ difficult to burn ’’ (an expression which I explained in the May, June and 
July, 1940, issues of Rock Products), shaft kilns do not prove satisfactory with 
regard to cement quality and productive capacity. But in exceptional cases, 
when the manufacturer has especially suitable raw materials, it is possible to 
work at a very high economy while producing best quality cement. In such 
cases even large units, consisting of six or more kilns, produce with reliability 
and with an economy only comparable with that of the Lepol kiln. 

In support of this I give a few figures of a Middle East plant working under 
wartime conditions. In this factory a rotary-kiln plant having an output of 
320 tons per day, with the most modern equipment and auxiliaries, is working 
together with a large shaft-kiln plant consisting of six kilns each having a capacity 
of 130 tons per day. A variety of raw materials makes it possible to select for 
this large shaft-kiln plant the most suitable raw material. 

For the shaft-kiln process the raw material with a fineness of about 85 per 
cent. minus the 170-mesh sieve is mixed in a water-sprayed screw conveyor with 


(77) 
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14 per cent. to 15 per cent. anthracite breaker duff and 14 per cent. to 15 per cent. 
of water. The capacity of the screw conveyor is sufficient for the preparation 
of 1,100 tons of raw mix a day. A rubber-belt conveyor distributes the raw mix 
into the six kilns, each of which has a small briquette machine at the feed end. 
A 500 h.p. ventilator with a capacity of goo cubic metres of air per minute 
supplies air for all kilns. . 

The raw material is of such a nature that the briquettes retain their form 
during the calcination, burning and cooling processes. Burning to a high-grade 
clinker is performed evenly and quickly ; about 2 metres below the materi: 
level the clinkering process is finished. By retaining the original briquette form, 
heat exchange in the kilns is excellent and an easy passage of air is secured at 
relatively low pressure. Thus very low waste-gas and clinker temperatures are 
achieved, the average temperature of gases recorded during a period of sever.l 
years being about 100 deg. C., and the clinker temperature about 180 deg. C. 

To achieve these results the following requisites are of special importance : 
(1) A very thorough knowledge of the raw materials used ; (2) a suitable chemic.il 
composition, kept strictly constant by adequate blending ; and (3) a very even 
feed (which can be achieved by weighing the raw mix and coal, or even more 
successfully by a pneumatic feeding device). 

The heat balance for the two processes can be compared as follows : 


HEAT SUPPLIED 

Calories Calories 

Rotary Kiln per kg. Shaft Kiln per kg. 
Clinker Clinker 





Oil (16:5 per cent. used ; Coal (14:6 per cent. used ; 

lower calorific value, 9,700 lower calorific value, 7,000 

cal.) 1,600-0 cal.) on em a 1,020-0 
Air (with 10 per cent. excess 

at 30 deg. C.) as es 16°5 Air (at 30 deg. C.) .. 
Slurry at 25 deg. C. .. ais 35°0 | Raw mix at 30 deg. C. 


1,651°5 





HEAT USED AND LOST 


Heat necessary for mane 

clinker ~ ; 448-0 
Waste gases at 160 deg, Cc. 105°5 
Excess of air .. 18-0 


| 
ee a i 5s a 448-0 
Waste gases at 100 deg. C. 63°1 
Excess of air .. ; Il'l 
Water from slurry 4 3 per | Water from briquettes (15 per 

cent.) ; aha 7990 cent.) =n a 172-0 
Moisture from oil a 5:0 Moisture from coal .. 4:0 
Waste heat of clinker leaving Waste heat of clinker leaving 

the kiln at 150 deg. C. the kiln at 180 deg.C.... 34°2 
Radiation and other loss Radiation and other loss... 305'7 


1,038°1 


In some cases, when the raw material is considered generally suitable for the 
process, but not ideal, the addition of from 2 per cent. to 5 per cent. of clinker 
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grains (I mm. to 5 mm. in size) to the raw mix may considerably improve heat 
economy and output. 

Although the shell of a shaft kiln is shorter than that of a rotary kiln its 
radiation loss is higher due to its lack of protective coating inside the firebrick 
lining. 

Additional costs for the shaft-kiln plant arise from drying the raw materials, 
which vary between 100 cal. per kg. of clinker in summer to 300 cal. per kg. of 
clinker in the rainy season. The grain composition of the clinker is different in 
each plant, but by adjustment of the mills both kinds of clinker may be ground, 
with approximately the same power expenditure, to 1,600 square centimetres 
per gramme specific surface area (or, according to the Carman-Lea permeability 
method, 3,000 square centimetres per gramme). 

As a result of transport and other difficulties during the war the price of 
anthracite breaker duff for the shaft kilns has risen five-fold, whereas the cost 
of oil for the rotary kiln has only doubled. The number of men employed in 
the shaft-kiln process is somewhat higher per ton produced than in the rotary-kiln 
plant. The fuel economy of the latter must be regarded as highly satisfactory. 
In spite of all this, however, the shaft kilns can compete with the rotary kiln 
with regard to economy, reliability, output and quality of cement. 

The cement quality from both plants is shown by the following figures : 








Rotary Kiln Cement | Shaft Kiln Cement 





Tensile strength according to B.S.S. (Ib. per 


sq. in.) : 
3 days rs <a ay 4 sé 494 480 
7 days ae a ve a6 ae 540 540 
Le Chatelier soundness test (mm.)_ .. a o ° 
Setting time at 25 deg. C. os oa .. | (25.5 per cent. water) | (26 per cent. water) 
2 hours, 34 hours 2 hours, 3 hours 
Plastic beams, 4 cm. by 4.cm. by 11 cm. (Swiss 
Standard test). Flexion strength, kg. per 
sq. cm. (11 per cent. water) after : 


3 days zs “6 a +s os 43 
7 days es we ‘a Pe se 50 50 


These figures prove that, while the new trends in the cement industry in 
recent years have preferred and developed the rotary kiln into a highly successful 
machine, nevertheless the shaft kiln, emerging from the old Schneider types and 
developed through intermediate stages as the Hauenshild and Andreas kilns, 
has also reached a higher level of development. This deserves serious attention, 
especially in wartime when the economy of a plant must be regarded from unusual 
aspects. However, the smoothness of the working of a modern shaft-kiln plant, 
its economy, and the quality of the cement produced depend to a higher degree 
on the quality of raw materials than in the case of the rotary kiln. To overcome 
this deficiency is a task for further research. 

[The information given by Mr. Gottlieb on the comparable fuel consumptions 
of an oil-fired rotary kiln and a group of vertical shaft kilns fired with anthracite 
breaker duff coal is of much interest. The article referred to stressed the 

c 





Pace 80 CEMENT AND LIME MANUFACTURE JUNE, 1942 


reduction of fuel consumption in cement kilns that had taken place and, as the 
rotary kiln is able to use all types of suitable raw material equally well, reference 
was made primarily to this type of kiln. The vertical shaft kiln is not universally 
suitable for the manufacture of high-class cement owing to its characteristic 
requirement regarding the raw material that can be used; and it is possibly 
owing to this requirement, or limitation, that it has been used to such a limited 
extent. Mr. Gottlieb is very fortunate in having a quarry that can be worked 
selectively and which will produce a consistent raw material that will fully satisfy 
the requirements of the shaft kilns and a residual material that can be used 
satisfactorily in the rotary kiln. These quarry conditions provide every justi- 
fication for the adoption of shaft kilns. It may be pointed out, however, that 
with this raw material it would be possible to install a second rotary kiln equipped 
with a Lepol grate; this second kiln could be similar to the existing kiln, but 
with the grate it would be possible to obtain a fuel consumption of 14 per cent. 
or 15 per cent., which is in substantial agreement with that of the shaft kilns. 
The raw materials appear to possess very unusual and useful properties, as the 
‘“‘mix”’ bonds together in briquette form and remains in this form all through 
the burning process, and even when discharged from the kiln as clinker. This 
retention of the briquette, or nodule, form should ensure definite air passages all 
through the mass during the burning process, and this no doubt explains why the 
burning process is so efficient ; it is probable also that precise and intimate mixing 
of the finely ground fuel with the raw mix ensures a good distribution of heat 
during the clinkering process. 

The figures given for the total heat used in the two types of kiln are 1,651°5 
calories per kg. of clinker for the rotary kiln, and 1,038-1 calories per kg. of 
clinker for the shaft kilns; these figures are equal to 2,980 B.T.U.s and 1,860 
B.T.U.s respectively per pound of clinker, or to 23-75 per cent. and 15 per cent. 
of standard fuel of 12,600 B.T.U.s per pound. It is interesting to note that the 
figures for total fuel for the rotary kiln and for the group of shaft kilns are in 
substantial agreement with the appropriate point on the curve in the diagram 
shown on page 200 in the December, 1941, number of Cement and Lime 
Manufacture. 

The high fuel consumption and the poor quality clinker referred to in the 
original article were obtained from groups of Continental-type vertical shaft kilns 
of old design and operating with raw material that proved to be far less suitable 
for the process than that which Mr. Gottlieb is fortunate to have, and the limited 
success of these kilns may be attributed to this, and possibly also to other factors. 
The shaft kiln is still a small unit ; those referred to in Mr. Gottlieb’s letter have 
an output only of 5 tons to 6 tons per hour, whereas single rotary units to-day 
normally produce 25 tons to 30 tons per hour.] 
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An All-Concrete Cement Factory. 


Fig. 1 shows a new cement factory now being built by the Marquette Cement 
Manufacturing Co. at Des Moines, U.S.A. Included in the new facilities is a 
raw-material storage building of unusual design and striking appearance. It is 
a concrete shell 470 ft. by 80 ft. in plan and 65 ft. high with a concrete arch 
roof (Fig. 2). The structure consists principally of a series of transverse concrete 
frames (Fig. 4) 20 ft. apart. with columns along the outside wall line, cross beams 
under the floor, and arched roof beams carrying an arched concrete roof of 77 ft. 
clear span. About 2,000 precast concrete piles were required under the 
continuous column footings and the floor cross beams. There are four transverse 
expansion joints, formed by split double columns and beams and a complete 
break in the roof and floor slabs. 


Running the full length of the building, about 37 ft. above the floor, is a 
travelling craneway of 75-ft. span. The main columns carrying the craneway are 
3 ft. 2 in. deep by 20 in. wide (double-expansion-joint columns are each 16 in. 
wide). Spanning between the columns to carry the crane track on each side are 
18 in. by 30 in. girders. The columns extend above the craneway for another 
5 ft. in much smaller section than below and are topped by a continuous spandrel 
wall ro in. thick and 4 ft. high. The roof framing is tied into the upper columns 
and the spandrel wall. The roof construction consists of arch roof beams the 
same width as the columns and 2 ft. deep, carrying a 3-in. concrete roof slab 


supported on eleven concrete purlins. At the haunches of each arch roof beam 
is a cross-tie made up of four angles, welded back to back into a cross, supported 
by seven hanger rods. The roof slab is covered with composition roofing. 


The interior is divided into eight storage compartments of various lengths by 
transverse retaining walls 12 ft. high. These bins will store limestone, silica, 
diaspore, iron, shale, coal, clinker and gypsum. Eleven concrete hoppers are 
arranged in three groups, into which the various materials will be loaded by the 
overhead crane. Except for curtain walls that partly enclose the ends, and the 
hopper walls, the building is open to the weather between the top of the retaining 
walls and the bottom of the spandrels. Two transverse rail tracks pass through 
the structure for delivery of raw materials. 


Roof Construction. 


The roof was built from a pair of sliding scaffolds set side by side inside the 
column lines, roo ft. long, 34 ft. wide, and 50 ft. high. They are of bolted timber 
construction, riding on shoes over tracks supported on low cribbing. The top 
of each scaffold is a solid working deck that just clears the tie rods in the roof ; 
the rods are placed as the roof is built, and all forms and supports are taken 
down to deck level before the scaffolds are moved ahead. Expansion joints divide 
the building into sections from 8o ft. to 100 ft. long, and the scaffolds are designed 
to handle a roof section between these joints. The two scaffolds are moved 
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ahead—one at a time—by block-and-fall lines hooked to an electric hoist. Track 
and cribbing are built to grade, and as the scaffolds are rigid enough to carry 
the forms without bracing and anchoring, the travelling falsework is in correct 
position and ready for form erection as soon as the two units have been moved. 
Pile-driving, footings, and the crossbeams at ground level are the only parts of the 
structure built ahead of the falsework. Thus the scaffolds are moved out into 
the open after a section is completed. The column forms up to the crane 
track level (all in panels) are first set by cranes working from the outside. These 
forms are braced to the scaffolds. After the columns are poured the roof and 
spandrel forms are erected. These are plywood panels, supported on the scaffold 
by jack-shores. The tie rods are then placed, and the roof poured. Then, to 
clear the tie rods, it is necessary to move all forms and supports from one scaffold 


Fig. 2.—Roof of Raw-materials Storage Building, with Span of 80 ft. 


unit. The unit is then moved ahead, and before the second unit is moved all 
top forms are shifted to the first unit by hand passing over a bridge between the 
two units. Next the second unit, now clear to deck level, is moved ahead and 
its forms are passed across the narrow gap between the two units (Fig. 3). 
Ordinary scaffolding is erected on the outside of each section being poured. 
From the top of this falsework runways are built over the roof area. Concrete 
is hoisted in buckets to a hopper at the top of the outside scaffolds by a long- 
boom crawler crane and wheeled from the hopper to forms in carts. The 
reinforcement for the main columns is welded into a rigid cage before erection. 
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Floors, retaining walls and hoppers are built in each section after the roof is 
completed and the scaffolds moved. 

Parallel to the raw-materials storage building is a new raw mill building, 240 ft. 
long, 72 ft. wide, and 55 ft. high. This is a totally enclosed building of the 
same general construction as the raw-materials storage building, and will contain 
preliminary grinding units, raw tube mills, slurry and admixture tanks, and 
auxiliary equipment. 


Slurry Tanks. 


The slurry storage and mixing system consists of eight 254-ft. diameter and 
four 15-ft. diameter concrete tanks, 39 ft. high. The smaller tanks will be used 


Fig. 3.—Movable Scaffolding Used for Construction of Roof. 


for high-lime, high-iron, high-alumina and high-silica slurries, and will also be 
of service when producing special cement. The larger tanks will have a capacity 
sufficient for four days kiln operation. 

Kiln Building. 

The kiln building is 635 ft. long and varies from 30 ft. to 45 ft. wide; the 
average height is 47 ft. The feed and cooler ends and the portion of the building 
adjacent to the raw mill are enclosed, the side walls being omitted for other 
portions. All closed parts of the kiln building are mechanically ventilated. 
This building houses the kiln, clinker cooler, coal preparation machinery, kiln 
feed mechanism and auxiliaries. The kiln will be 475 ft. long by 114 ft. in 
diameter. It will have a slope of ;% in. per foot and will rest on seven sets of 
carrying rolls. The kiln will be completely lined, partly insulated, and equipped 
with 19,600 lin. ft. of §-in. chain extending over 105 ft. of shell in the drying 
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zone. A motor-driven Ferris wheel, operating through a synchronous tie with 
the kiln motor and speed changer, will control the feed. 

A fan of 150,000 cubic feet per minute capacity will handle the exit gases. 
Clinker will discharge into an air-quenching cooler with a grate length of roo ft. 
Because of foundations and structural conditions, the cooler is continuous with 
the kiln, which accounts for the great length of building required. A novel 
feature of the kiln and cooler installation will be an air-jacketed kiln end and an 
air-jacketed seal. The parts subjected to high temperature will be of heat- 
resistant steel, and air for cooling purposes will be supplied by an independent 

lower unit. Because of the characteristics of the new kiln and consequent low 
temperature of the exit gases, no provision will be made for waste-heat recovery. 
To compensate for this condition, a 450-lb. pressure, 55,000 lb. of steam-per- 
hour boiler will be installed in the power department. 


Composition roofing.-, 
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New Type of Lime Kiln. 


A NEW type of lime kiln, which is a radical departure from the shaft and rotary 
kiln, has been designed by Mr. T. R. Ellerbeck and Mr. W. E. Heffernan, of the 
Utah Lime & Stone Co. and the Utah Copper Co., respectively, and is stated to 
be giving excellent results. The basic conditions which the designers attempted 
to fulfil were as follows : 

(1) The unit should burn crushed limestone of from }in. up to approximately 
2in. in size rather than lump material, because (a) the crushed product, especially 
in a small operation, can be produced cheaper than the larger hand-sized stone ; 
(5) the fines, which must be disposed of, are not so large a proportion of the 
mined stone and consequently not as serious a problem as when the larger stone 


Fig. 1.—New Type of Lime Kiln 


is used ; (c) mechanical handling of the feed and discharge is greatly simplified 
with the use of crushed material; (d) the time of calcination is also greatly 
lessened when treating the smaller-sized stone. 


(2) The unit should be automatic and of continuous operating design ; that 
is, there should be automatic and continuous raw feed and automatic and con- 
tinuous discharge of the finished material. Continuous flow of material through 
the unit is desirable because balanced conditions of draught, temperature and 
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heat transfer can be arrived at and maintained, whereas, with intermittent 
charging of the raw feed and intermittent drawing or discharging of the finished 
product, it is impossible to maintain a balanced condition. Without maintaining 
a balanced condition a uniformly calcined product cannot be secured, and 
uniform calcination is a requisite of uniform quality. Automatic charging and 
discharging also reduce operating labour. 

(3) The unit should be designed so as to give an efficient heat balance. In 
order to waste as little heat as possible it is essential that the temperature of the 


a 


KK 
HL 


SS 


Fig. 2.—Vertical Section of Kiln, 
showing Flow of Material. 


exhaust gases be kept close to a minimum (and in calcining lime there is a definite 
minimum undiluted exhaust gas temperature below which it is impossible to go) ; 
the temperature of the lime drawn should be low ; the radiated heat lost should 
be kept at a minimum, which calls for reduction of the area of hot kiln surfaces 
to a minimum and insulation of these surfaces. Also, in order to conserve heat, 
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air leakage into the unit should be eliminated, if possible without the use of 
expensive and troublesome air seals. Fuel combustion must also be efficient. 

(4) The unit should be so designed that the temperature of the combustion 
gases entering the kiln can be varied at will so that the most desirable calcining 
temperature for a certain limestone can be determined and maintained. This 
has an important bearing on the quality of the lime produced. 


(5) The unit should be of small capacity and inexpensive in cost per ton oi 
daily capacity, and each unit should be independent and self-contained. This 
is in some respects a radical departure from present practice. 


Advantages of Small Kilns. 

The trend in the last twenty years has been to build bigger kilns with higher 
daily capacities, until there are shaft kilns producing over 80 tons per day and 
rotary kilns producing over 150 tons per day. This is not good if business 
conditions make it desirable to operate one of these kilns at, say, 20 per cent. of 
capacity. Many lime plants are dependent upon one or two large kilns for their 
entire production ; this leads to the condition that when kiln repairs are necessary 
one-half or the entire plant is stopped. 


In direct contrast to this dependence on single large units is the practice in 
the milling and concentration of ores. In milling ore the practice is to use 
relatively small efficient units such as ball mills, classifiers, flotation cells, etc., 
of relatively low individual capacities ; the mill of any desired total capacity is 
made up of many small units, and production goes on uninterruptedly in a way 
that would be impossible if the operations were dependent upon a few machines 
of enormous capacities. For these reasons it was decided that the calciner should 
be a small, inexpensive, self-contained unit, that the capacity should be governed 
by the number of units installed, and reduction in output be effected by operating 
fewer units. 

The New Kiln. 

A laboratory unit of the design was constructed and test data taken for 
approximately a year. On the basis of the data obtained a full-sized unit was 
constructed and operated intermittently for-about two years. At the end of 
that time all difficulties had been eliminated, the unit was put into steady 
production, and has been operating for about six months. 


Realising that the finer sizes of rock would present the greatest difficulty as 
regards heat penetration and draught requirements, both the laboratory unit 
and the present production unit were designed to take a rock feed which was 
plus in. and minus in. in size. If this size material could be handled success- 
fully it would be a simple matter to design units for coarser material. The 
operating characteristics of the producing unit are as follows : rock size, plus }in., 
minus gin. ; draught, 1-7in. of water ; temperature of calcining gases, 2,350 deg. F.; 
temperature of exhaust gas, 520 deg. F.; temperature of discharged lime, 135 
deg. F.; firing method, 2 oil burners; discharge, continuous; mechanical air 
seals, none ; exterior heat radiating surface (insulated), 120 sq. ft. ; total height 
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of brickwork, 5ft.; overall height of calciner from floor to top of feed hopper, 
14ft. ; outside calciner dimensions, 7ft. by 4ft. 6in. ; lime output per square foot 
of inside area per day, 2,000 lb. ; total weight of calciner complete with support 
and feed hopper, 10 tons; weight per ton of daily capacity, 445 1b.; time of 
travel through both preheating and calcining zones, I hour 20 minutes. 


Even though the flame tempering air is not being preheated the fuel con- 
sumption per ton of lime is 6,200,000 B.T.U. (3,100 B.T.U. per lb. of lime). 
It is anticipated that this heat requirement will be considerably reduced when 
provision is made to preheat the secondary and tempering air. The present 
unit is being fired with oil, but other types of fuel may be used. 


The unit is very compact, and acts as a preheater, calciner, and cooler 
simultaneously. Also, there are no mechanical air seals at any point in the 
system. Any tendency for infiltration of air at the open top is taken care of by 
having a sufficient and fixed height of rock in the charging hopper, which remains 
constant and is independent of any change in quantity of material in the storage 
bin. This fixed level hopper is of such a height compared with the height of the 
calcining zone that air leakage is practically eliminated. At the bottom of the 
kiln, which is open to the atmosphere, the air seal is effected through a considerable 
height of burned lime in the cooling section. This is also of sufficient height to 
allow only enough air to filter up through the lime to cool it to the desired 
temperature. 


The use of transverse beams in the body of the kiln gives an intermixing or 
stirring action between the rock and the gases. One of the problems to be 
overcome was to have an exact means of regulating the flow of material in order 
that all the material would be given the same treatment. A new type of discharge 
mechanism is designed so that the flow through each section of the chamber 
may be varied independently from any other section; also, the flow through 
any particular section can be varied within that section so that the material 
moves down uniformly throughout the section, or faster in one end of the section 
than in the other end, or faster in the centre of the section than it does at either 
end. With the use of this discharge mechanism it is possible to balance the 
flow of material from each point in the kiln against the heat available at that 
point. In this way burning conditions are made uniform, and completely 
calcined material, free from either overburning or core, is produced. The quality 
of the lime produced is superior from many standpoints to that produced in 
either standard shaft kilns or rotary kilns. This has been definitely determined, 
since the identical blend of rock from the same quarry is being burned in two 
rotary kilns of 6ft. and 8ft. diameter and 125ft. long, and also in three 8-ft. 
inside-diameter shaft kilns, and comparative tests of lime from each type of 
calciner are constantly made. 


Kiln Operation. 
The combustion chamber is outside the calciner proper and is fired with two 
oil burners, one at each end. In the combustion chamber the gases are tempered 
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to the desired degree by efficient intermixing with either pre-heated air or 
recirculated exhaust gases. The tempered gases enter into the calcining chamber 
through many relatively small openings in the side wall between the combustion 
chamber and the calcining chamber. These openings are just below the ends 
of the transverse beams which span the width of the calcining chamber and are 
shown in section in Fig. 2. The gases pass into the mass of stone through the 
exposed stone surfaces under the beams; they then pass up through the mass 
of stone, which is slowly but constantly moving down. The hot gases are 
normally admitted under the beams in the two top layers. Under the beams in 
the third layer additional hot gases may be admitted for calcining if desired ; 
the flow of gases at these points may be reversed and cooling air, which has come 
in at the discharge feeder and up through the calcined lime, may be drawn from 
under the beams into the combustion chamber and used as tempering air. The 
gases in passing up through the mass of stone calcine and then pre-heat, and are 
finally discharged from the surface of the stone into the hood chamber located 
around the feed spouts between the top of the brickwork and the bottom of the 
feed hopper. From the hood chamber the gases are withdrawn from a central 
point through a pipe by means of an exhaust fan (Fig. 1). 

The flow of rock down through the calciner is controlled by the multi-variable 
discharge mechanism at the bottom of the cooling section, and by this means 
the flow of rock through each point in the calcining chamber is balanced against 
the heat available at that point for calcining, and consequently a uniformly 
treated product is secured. 

Another unit is being designed to calcine stone from 3in. to rin. in size. 
When this unit is completed, straight crushed rock in sizes from ;;in. to I}in. 
will be burned, the rock being screened over two storage bins, the minus in. 
going into the storage bin for one calcining unit and the plus gin. to the storage 
bin for the other unit. In this way straight crushed rock, as would be fed to a 
rotary kiln, will be used in these vertical units. 


This unit described is producing 34 to 4 tons of high-calcium lime a day. 
By increasing the draught to 3in., which is by no means excessive, the unit will 
have a capacity of 5 tons a day. It is the intention to design these units in two 
sizes only, that is, of 5 tons and 10 tons capacity. The capacity of each unit 
can be varied over a considerable range. It is felt that these two sizes are ample, 
and that making large-capacity units would defeat the purpose of flexibility of 
operation. Once the unit is put into operation and conditions of draught, 
temperature, rate of draw, etc., are balanced, they continue to stay in balance 
and the unit requires practically no attention. 
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Effect on Crushing Plant of the 
Properties of Coal. 


CHANGES in equipment or in its operation which may be necessary when a different 
coal is used were described recently by Mr. H. Kreisinger (of the Combustion 
Engineering Co., of New York) in a paper read before a meeting of the American 
Society of Mechanical Engineers. 


Handling and Pulverising. 


The author said that the handling and pulverisation of coal are affected 
by the size, moisture content and the hardness of the coal. If it contains too 
much fines, the coal may hang in the bunker, in the chute, or in the mill feeder, 
causing interruption of supply and perhaps resulting in loss of fire and load. 
The hanging is aggravated by high-moisture content, which is often present in 
fine coal. The shape of the bunker and the slope of the chute, as well as the 
size and shape of the hopper above the mill feeder, also affect the flow of coal. 
Excessively large-size coal generally flows easily from the bunker to the mill, 
but may cause irregular feeding or jamming of the mill feeder. Large coal also 
reduces the capacity of the mill because the mill must do some coal crushing in 
addition to milling. High-moisture content also reduces the mill capacity and 
delays ignition in the furnace. The detrimental effects on the capacity of the 
mill and on ignition in the furnace or kiln can be reduced by supplying the mill 
with higher temperature air, but very little can be done by the operator to reduce 


the hanging of coal on its way to the mill. Hardness affects the capacity of the 
mill and power consumption. Many hard coals have high volatile matter content 
and need not be pulverised as fine as the softer, low volatile coals. 


Moisture and Volatile Matter. 


The burning of pulverised coal is affected by the moisture and volatile matter 
content. High moisture delays the ignition and makes the fires unstable, 
particularly at low ratings. The moisture in the coal must be evaporated before 
the temperature of the coal can be raised to the ignition point. The time required 
for the evaporation of the moisture causes delay in ignition. To eliminate or 
greatly reduce this delay in ignition, air at high temperature must be supplied 
to the mills. With low-moisture coal, the temperature of the air entering the 
mill of 300 deg. F. may be sufficient. With high-moisture bituminous coal, 
an air temperature of 500 deg. F. is desirable ; and with lignites air at 800 deg. F., 
and even hotter, may be required. Therefore, when a change of coal is contem- 
plated, the moisture content of the coal must be considered. If the moisture 
is likely to be high, the means of supplying hotter air to the mill should be looked 
into. The air from the gas air heater may be hot enough at full-load rating, but 
may not be hot enough at reduced ratings. It is at low ratings that difficulties 
with unstable fires are often experienced. The necessity of high-temperature 
air in a mill with coal that may be very wet at times is not always appreciated. 
There are cases when time and money are spent on changes to the burners with 





PaGeE 92 CEMENT AND LIME MANUFACTURE JUNE, 1942 


very little improvement in the stability of fire. Better and quicker results may 
be obtained by providing the mill with higher temperature air. 

High-volatile coals ignite and burn quicker than low-volatile coals. When 
the coal enters the furnace the volatile matter comes off as gas, which ignites 
at about 1100 deg. F. when it reaches a certain proportion in the mixture. Rich: 
gas mixture ignites quicker than lean mixture. The ignitible rich gas mixture is 
reached quicker in high-volatile coal, because more gas comes off the coal. It 
may not be necessary to limit the primary air to attain this rich mixture quickly. 
On the other hand, with low-volatile coals there is less gas, longer time is required 
to obtain a rich mixture, and the ignition is delayed. It may be necessary to 
limit the primary air to shorten the time of obtaining a rich mixture. At low 
rating, and particularly when the coal is wet, it may be difficult or evén impossibk 
to reduce the quantity of air through the mill, because the velocity of the air 
may be reduced to a point when it will not pick the coal from the mill, and there 
may be drifting of coal in the fuel pipe. Furthermore, the amount of heated 
air supplied to the mill and its temperature may not be sufficient to dry the coal, 
and delay in the ignition may be caused by the evaporation of the moisture 
in the coal entering the kiln. There are then two opposing factors: too much 
air for obtaining a rich mixture, and too little air for even flow of the coal from 
the mill through the fuel piping and for sufficient drying of the coal. If under 
such conditions higher-temperature air can be supplied to the mill, better drying 
can be obtained, and the larger volume of air due to its higher temperature may 
provide more even flow of coal from the mill to the kiln. Low ratings with stable 
fire can be obtained much easier with high-volatile coals than with low-volatile 
coals. The extreme in the low-volatile is the anthracite, which must be dried 
to very low moisture content, be pulverised to a high degree of fineness, and the 
air supplied with the coal to the kiln must be greatly reduced to obtain stable 
ignition. 

How Ignition Occurs. 

High-volatile coal burns quicker than low-volatile coals. After the fuel 
has been ignited the rapidity of combustion depends on how fast the combustible 
comes in contact with the oxygen of the air supplied. The volatile matter comes 
off mostly as gas, so that the individual molecules move freely and defuse readily 
into the kiln atmosphere. The gas molecules meet half way the oxygen molecules, 
and contacts are made rapidly. The fixed carbon, on the other hand, stays in 
the fuel particles and must wait until oxygen molecules came to these particles 
to make contact with the fixed carbon. In other words, the oxygen must do 
most of the work in the contact-making process. Finer pulverisation reduces 
the fuel to a greater number of smaller particles which can be more evenly dis- 
tributed in the furnace atmosphere, and thereby the average distance between 
the fixed carbon in these particles and the oxygen molecules is reduced. The 
result is that the contacts between the fixed carbon and the oxygen are made 
more readily and the combustion is quicker. If the fine pulverisation could be 
carried to the limit, the fuel would be reduced to individual molecules and would 
behave and burn in a similar way to gas. 
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Experience has shown that a high-volatile coal needs to be pulverised to a 
fineness of 55 per cent. through a 200-mesh screen, whereas a low-volatile coal 
has to be pulverised to 75 per cent. through a 200-mesh screen for satisfactory 
combustion. Anthracite requires the highest degrees of pulverisation, and even 
then it cannot be burned as fast as coal pulverised to a low degree of fineness. 


From High Volatile to Low. 

When a change is made from high-volatile to low-volatile coal, the mills 
should be set for a higher degree of pulverisation. The finer pulverisation can 
be facilitated by supplying the mill with hotter air, which also improves the 
stability of ignition. Higher secondary air pressure at the burners producing 
higher velocity of the air entering the kiln results in greater turbulence, which 
in turn increases the rate of contact-making and the rapidity of combustion. 


Ash in different coals varies in quantity and chemical composition, and may 
vary considerably in the same coal. Ash in coal is mostly earthy matter brought 
into the coal-bed by water during its formation. Coal ash is essentially a mixture 
of oxides of metals. Iron may be combined with sulphur. When coal is burned 
in pulverised form, ash is always detrimental because it must be removed from 
the kiln and boiler settings. In many cases it must also be removed from the 
products of combustion before they are discharged into the atmosphere. 

Fusibility seems to be the most important property of the ash. As the 
temperature is raised the ash becomes soft and sticky. In this state it adheres 
to the refractory, and under some conditions even to boiler and super-heater 
surfaces. With further rise in temperature it becomes softer, until finally it 


reaches the liquid state, in which it flows like water. In this fluid condition it 
flows over the refractories and washes them away. 


The gauge of temperature between the initial and the liquid condition may be 
100 to 400 deg. F., due to the fact that the ash is a compound with different 
melting temperatures. Inasmuch as the temperature of the intense combustion 
zone is between 2,600 and 3,000 deg. F., the ash of most coals goes through the 
liquid state, and later, when the products of combustion are cooled, it solidifies. 
If the ash is very fusible it may limit the capacity of the unit and increase operating 
cost by additional work in removing the ash from the furnace and keeping the 
boiler and superheater surfaces free from slag. 


Delayed Combustion. 

Delayed combustion extending into a superheater aggravates the deposition 
of slag on the boiler tubes and the superheater, and should be avoided. Burning 
particles of coal deposited with ash on heating surfaces keeps the ash fused and 
sticky. Higher excess air speeds up the combustion and thereby reduces the 
amount of burning coal particles reaching the boiler and superheater. Higher 
excess air may also change the ash to higher oxides which have higher fusion 
temperature. When change of coal in a pulverised coal installation is to be 
made, a different behaviour of the ash is likely to be encountered. 
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The Cement Industry in Wartime. 


TuHE following paragraphs are from the address by Sir P. Malcolm Stewart, 
Bt., O.B.E., at the annual general meeting of the Associated Portland Cement 
Manufacturers, Ltd. : 

The Pooling Scheme.—The pooling scheme for the cement industry, which 
has been negotiated by the Cement Makers’ Federation, is designed to meet the 
requirements of the Ministry of Works and Buildings in respect of the limitation 
of profits and the spreading of abnormal charges and costs due to the exigencies 
of war. The scheme is a wise and fair measure dealing with difficult and varied 
issues. That agreement has been obtained is evidence of good will and readiness 
to solve the problems brought about by the war. 

Consumption.—The year 1941 opened somewhat disappointingly, and it looked 
as though a marked decline would be experienced in home trade deliveries. How- 
ever, with the advent of spring a good demand set in for Government require- 
ments. This was well maintained, apart from a setback in the autumn, until the 
close of the year. Thus, we effected aggregate deliveries which showed but a slight 
falling off compared with the previous year. The increase in the average selling 
price did not offset the increased cost of production, and this is reflected in a 
decreased trading profit. 

Oversea Trade.—Improved returns were received from some of the invest- 
ments in cement works in British Columbia, India, Mexico, and South Africa. 


Arrangements have been made to increase the capacity of both Mexican plants, 
and the first of the additional kilns has just come into operation. Export trade 
was on a much reduced scale owing to the shortage of shipping facilities. Recent 
events in the Far East have deprived us of one of our important markets for the 
time being. 


Production Problems.—At home the problems of production have presented 
many difficulties. However, the works have been well maintained despite the 
shortage of some supplies. The output of cement was at all times equal to the 
demand. The continuous call for more men for H.M. Forces caused a shortage 
of labour. This was partly met by the release of employees from the Army to 
facilitate the manufacture of cement, which is essential in war-time. The transi- 
tion from non-returnable paper bags, so easily filled by mechanical packers and 
so handy for the consumer, to returnable jute sacks has slowed down the rate of 
packing, and required the formation of a new organisation and the installation 
of machinery to sort, clean, and repair the very large numbers of jute sacks which 
have to be dealt with. Much increased work has thus fallen on the factories, 
where the employment of women has proved helpful. The quick return by 
customers of jute sacks in a dry and undamaged condition materially helps the 
delivery position. Efforts are being made to develop the delivery of cement 
in bulk, and the technical difficulties have been overcome as far as loading at the 
works and the provision of suitable transport are concerned. However, the 
scheme, which has definite economic advantages, cannot successfully be employed 
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unless the large consumers make adequate provision at the receiving end for 
handling and storage. It is useless delivering cement in good condition unless it 
is going to be unloaded and stored under cover so as to protect it from the weather. 

Stocks.—Statements have been made that there are occasional shortages of 
cement. At no time has this actually been the fact. The industry holds adequate 
stocks of cement and heavy stocks of clinker. One difficulty is that contractors 
and consumers make little or no provision for the building up of stocks on the sites 
where the cement is to be used. Consequently, when there is a rush of orders, it is 
difficult and sometimes impossible suddenly to expand packing, loading and trans- 
port facilities to meet these peak demands. The very efficiency of the pre-war 
d-livery service is partly responsible for this situation. Then customers could often 
telephone an order in the morning and receive the cement on the site in the after- 
noon. Thus the contractor was generally able to avoid the necessity for provision 
of storage. To-day the position is changed owing to the reduction of the experi- 
enced labour available and the limitations imposed on transport. Consequently 
it is now no longer possible to give the same full pre-war service. The situation 
would be much eased if reasonable stocks were held on the sites of consumption. 
This would effect a desirable dispersal of stocks and have a steadying effect on the 
flow of cement from the works. 


Effect of Sulphate Solutions on Portland Cement. 


A SERIES of short-time tests on the resistance of Portland cement to sulphate 
solutions has been made by the American Society for Testing Materials. The 
cements used were samples of 106 types used by Messrs. D. G. Miller and P. W, 
Manson in tests over a longer period, and already reported in the Proceedings 
of the Society (Vol. 40, 1940). 

A proposed Federal Specification for sulphate-resistant cement was under 
consideration at the time these cements were received by the Society and, since 
a short-time test is required for the selection by specification of durable cements, 
it was decided that the tests of sulphate resistance should be made according 
to the method of the proposed specifications. The requirements (which were 
not adopted) of these specifications included the use of I: 5 mortar bars, cured 
for three days, then immersed in a 10 per cent. solution of Na,SO,, the length 
changes being determined 28 days after preparation. Similar measurements 
were also made on mortar bars which were cured for seven instead of three days 
before immersion in the sodium sulphate solution. 

The tin. by rin. by 6in. bars were made of cement and standard Ottawa sand 
in the proportion of 1:5 by weight, mixed with 9-3 per cent. of water by weight 
of the dry materials. This amount of water was arbitrarily selected, since the 
limited quantities of the cement samples precluded making normal consistency 
tests as required by the proposed Federal Specification. A brass machine screw 
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with unslotted head was embedded in each end of the bar, the head of the screw 
being flush with the end of the bar. The plane surfaces of the heads were used 
as reference planes for measuring the lengths of the bars. 


All the bars were stored in a damp closet for 24 hours, after which they were 
separated into two sets. One set of bars, made in duplicate, represented 96 
cements received first. This set was stored under water for two days before 
being immersed in a 10 per cent. solution of Na,SO,, separate containers being 
used. The duplicate bars, representing 102 of the 106 cements, were stored under 
water for six days and then immersed in the sodium sulphate solution. At the 
end of a year all bars remaining intact were stored in two containers, one for 
each set. 


The lengths of the bars were measured to the nearest o-ooorin. by means of 
a micrometer-dial comparator. The measurements of the bars just before 
immersion in the sodium sulphate solution were the “ reference lengths ’’ with 
which comparisons were made of changes recorded at various time intervals. 
The measurements were made at 28 days, as required by the specification, and, 
in addition, at three and six months, and one, two and five years from the time 
of preparation of the bars. 


It was found that a rough agreement exists between the I : 5 mortar ratings 
and the ratings obtained by Messrs. Miller and Manson from their tests of three 
groups of 2in. by 4in. concrete cylinders stored in 1 per cent. solutions of Na,SO, 
and MgSO, respectively and in a fresh-water lake. The agreement is better than 
might have been expected, however, since the I : 5 mortar bars were exposed to 
Na,SO,, whereas the concretes were also exposed to MgSQ,, which attacks 
different constituents. Messrs. Miller and Manson’s ratings, obtained upon a 
dense concrete, would be expected to have a different order than the ratings 
obtained on the very porous 1:5 standard sand mortars. One factor is the 
difference in the salts to which they are exposed ; another is the great difference 
in density. The density of the concretes greatly delayed the penetration of the 
destructive salts to the interior of the specimen, which not only directly delayed 
the attack by the salt solution, but also gave additional time for the attainment 
of strength before attack. 

Mr. G. R. Gause (assistant materials engineer of the U.S. National Bureau 
of Standards) states that limitation of the calculated C,A content of the cements, 
or of the 28-day linear expansion of the I : 5 mortar bars, will eliminate cements 
of poorer resistance to sulphate action. Limiting the calculated C,A content 
to 5 per cent. as required by Federal Specification SS-C-211 for sulphate-resistant 
cement and also by type V of A.S.T.M. Specification C 150 will eliminate the 
poorly resistant cements but also eliminates as many resistant cements as are 
accepted. The limit of 0-075 to the 28-day linear expansion is approximately 
as rigorous as a limit of 6 per cent. for the calculated C,A content. Such a 
lessening of the requirement, although eliminating fewer of the resistant cements, 
accepts a number of cements with poorer resistance. 
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Joining Two Rotary Kilns. 
In order to meet the increased demand for cement, considerable alterations 
have been made at a plant in Michigan of the Peerless Cement Corporation. 
The plant was built in 1924, but has been little used and was shut down from 
1931 until 1940 except for a few months in the years 1932 and 1937. 

A feature of the reconstruction was the joining together of two 11ft. by 2ooft. 
rotary kilns to make one 11ft. by 4ooft. kiln. This was done by taking down 
one of the kilns in four sections and riveting it to the feed end of the other kiln. 
The added sections were raised into place on wooden A-frames and the permanent 
concrete foundations were poured after it was in place. Both kilns originally 
had a pitch of gin. to the foot, but in 1931 the pitch of one kiln was changed 
to }in. to the foot, which is now the pitch of the lengthened kiln. Each kiln 
was driven through gears and silent chain by an independent 100 h.p. motor, but 
the two motors are now operated in synchronism. The capacity of the two 


short kilns combined was 125 barrels per hour and that of the long kiln is nearly 
100 barrels per hour. 


The kiln is equipped with heat-transfer chains in the feed end, and the 
draught is regulated by a oft. variable-speed fan and manually controlled dampers. 
At the discharge end is a baffled steel dust-chamber through which the fan draws 
the kiln gases at the rate of 80,000 cub. ft. per minute. A 12oft. steel flue leads 
back from the fan to the two original 15ft. by 155ft. concrete stacks. The flue 
ends at a breeching connected to both stacks. In the breeching a spray washing 
system removes the small amount of dust lost from the gases and the resulting 
slush is wasted. 


When the kiln was lengthened it was equipped with an improved type of 
recuperator, which is incorporated in a 13ft. diameter extension of the rrft. 
kiln shell. This design eliminates the external air lines used on older-type 
recuperators and the cutting and fitting necessary to attach them to the kiln 
shell. It also provides more grate area without increasing the length of the 
cooling surface, and is particularly adapted to kilns of large capacity. I-beams 
between the recuperator shell and the plates form the air ducts. The old coal-mill 
department was replaced by a Raymond direct-firing bowl-mill with a capacity 
of 8,000 lb. per hour. The coal consumption, which is gradually being lowered, 
now averages less than 85 lb. per barrel ; for short periods figures as low as 74 lb. 
per barrel have been attained. The coal used has a B.T.U. content of from 
12,500 to 12,800. The former exit-gas temperature of 1,200 to 1,300 deg. F. has 
been lowered to 450 to 500 deg. F. 


A short drag-conveyor carries the clinker from the kiln to a bucket-elevator 
which discharges it into a storage building with a capacity of 40,000 barrels. 
A 14 cub. yd. overhead crane feeds the clinker and gypsum into bins from which 
poidometers feed the finish-grinding mills. The three 7ft. by 26ft. 3-compartment 
mills are operated in closed circuit with two 14ft. mechanical separators. Most 
of the grinding in both departments is done at night. Two 4in. Fuller-Kinyon 
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pumps feed the finished cement to ten concrete silos which, with their star and 
side bins, have a total capacity of 180,000 barrels. Four packers are used, but 
the percentage of bulk cement shipments is growing rapidly ; about 80 per cent. 
of the cement is despatched in trucks. 


Reactions between Cement and Aggregates. 


Ix the United States aggregates of many types have been named as the cause 
of failures of concrete. The presence of some of these names in the lists is 
somewhat surprising, for few engineers would believe that rhyolites, andesites 
and granites are likely to be unsatisfactory as aggregates. Here, again, it may 
be that the names given to the rocks are those used by the producers and not the 
correct geological designations. Of correctly described aggregates several have 
proved injurious in California, and according to Mr. A. Nicol, a contributor to a 
joint paper read to the American Concrete Institute, the expansive reaction 
tendencies of siliceous magnesium limestone, opaline chert, opaline cherty shale, 
opalised wood and other materials containing opal have been conclusively demon- 
strated. Tests on the mineral opal in practically pure form are stated to reveal 
that it is definitely the cause of expansion in many aggregates. The inclusion 
of a very small amount of opal has caused an expansive reaction with high-alkali 
cement. The intensity of this reaction is related to the alkali content of the 
cement. According to Mr. T. E. Stanton, although it was realised that the lower 
the alkali content (computed as Na,O+K,O) apparently the better the cement 
so far as expansive reactions are concerned, the permissible limit in Californian 
specifications was increased from 0-5 per cent. to 0-6 per cent. in order not 
to cause undue hardship to those cement companies which might find a 
lower percentage difficult to comply with without a substantial increase in 
manufacturing cost. Later tests indicate that it may be desirable to return 
to the original limit of 0-5 per cent. or even less with some aggregates. 

So far as Mr. Nicol’s laboratory investigations have gone, it has been found 
that, with the exception of selenite or gypsum, opal is the only mineral that is 
reactive, at least at early stages, with high-alkali cement, but the expansion caused 
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by gypsum is not regarded as a reaction of the same type that occurs in the presence 
of opal. Whether all varieties of opal are equally reactive is not yet known, 
and the composition of the most active opaline material has not yet been 
established. The results are of great significance in California where opal is one 
of the predominating minerals in certain siliceous shales and cherts. Opal, 
however, may not be the only mineral responsible for the expansive reaction, 
since petrographic examination of andesites and other volcanic rocks used in the 
construction of the Parker dam has failed to indicate the presence of opal, or at 
least any percentage which could account for the reactive properties shown 
by these rocks. It is Mr. Nicol’s opinion that the trouble may be caused by 
some silicate mineral having properties related to those of opal, thus making 
it advisable to investigate the ground mass of various aggregates of volcanic 
origin. 

Investigations are now being made on methods of correcting the expansive 
tendency, either by altering the alkalis to harmless salts or by admixtures of 
siliceous or pozzolanic materials. All attempts to reduce expansion by converting 
the alkali hydrates into chlorides failed completely ; some of the added materials 
actually caused an increase in the expansion. Only four siliceous materials have 
been used to date in the tests, and of these a shale which had been crushed and 
calcined at a temperature between 1,000 deg. F. and 1,200 deg. F. seems to be the 
most effective in reducing the expansive reaction. 

Of the many different kinds of rock that are commonly used in Great Britain 
for the production of concrete aggregates there are only two that are likely 
to give unsatisfactory results. These are (1) certain classes of dolerite and 
(2) crushed whinstone. Alteration of two of the principal constituent minerals, 
namely, the plagioclase felspar and the augite, is sometimes stated to be the cause 
of poor results when dolerite is used, but research work in this country seems to 
show that it is the olivine that is the cause of the trouble. Crushed whinstone 
should be an ideal aggregate—its only defect is that it sometimes contains an 
excessive proportion of very fine particles—but there is good reason to believe 
that aggregates sold under this name are not always true whinstones. Some are 
undoubtedly dolerites, and this may be the real reason for their unsatisfactory 
behaviour. Unfortunately, the commercial names of aggregates sometimes bear 
little relation to the mineralogical constitution of the rocks, a fact that is well 
known to many engineers, but if there is any doubt whether a rock is a true 
dolerite it is worth while getting expert advice on the point. A test to find whether 
the crushed rock will produce sound concrete can then be made. 





